Mullite is a versatile material used in traditional and advanced ceramic, due to low thermal expansion, high thermal shock and creep resistance. The production of waste from ore industry is a problem that is increasing nowadays. The kaolin processing industry produces residue rich in Al 2 O 3 and SiO 2 . These oxides are good precursors to produce mullite. The aim of this work is to use the residue from kaolin industry to produce mullite ceramic bodies. It was studied alumina, clay and residue from kaolin processing as raw materials. The material was dried and pressing in uniaxial press (30MPa). The samples were sintered at temperatures of 1450 o C, 1500 o C, 1550 o C and 1600 o C. The ceramic bodies were characterized by X-ray diffraction. The density was measured by Archimedes method and the flexural strength by the three point bending technique. The results showed that is possible to produce mullite with high amount of waste from kaolin processing.
Introduction
The continuous demand for higher productivity indices in the global competitive world has led to a fast decrease of the available natural resources and, at the same time, to the generation of a high volume of rejects or sub-products, most of them not directly recyclable. Mineral extraction itself is a good example of reject production [1] . In this way, it comes growing the concern of environmentalist with the great amount of wastes produced in the kaolin industry. Kaolin is used in a series of economic segments, as for example, rubber, inks, paper, druggist, nourishing and ceramic. Despite the partner-economic importance, its extraction and improvement cause serious environmental problems. The extraction and improvement of kaolin originate two types of wastes: a coarse one with particles in the order of millimeters basically constituted of quartz and another one more fine, composed by micrometric particles, essentially quartz, kaolinite and mica [2, 3] . These residues are in general, discharged on the environment, contaminating the ground and affecting the health of the population in the proximity of the producing regions. However, reusing or recycling alternatives should be investigated and eventually implemented [1, 4, 5] . In this direction, the recycling of the residues from production and mineral improvement, possess some advantages in relation to its indiscriminate discarding, such as, the reduction of the volume of raw material extraction and consumption of energy, improvement of the health and security of the population and preservation of the environment. In this way, some researches has been done with the recycling of mineral residues to be used in the production mullite and ceramics bodies [3, 6, 7, 8, 9] . These products add value to the residues, stimulate its re-use and contribute to the sustainable development [10] . The mullite is an essential component in ceramic materials and present specific properties that make its important in some applications. It is a unique thermodynamically stable phase in the binary system Al 2 O 3 -SiO 2 , at room temperature, presents a high melting point, close to 1800°C, low density, low coefficient of thermal expansion and excellent (high) mechanical properties at high temperatures. These properties make this material very interesting in some structural applications, such as, in high temperatures and thermal shocks [11, 12, 13, 14, 15] . Mullite can be obtained from some chemical methods of synthesis, such as: sol-gel [16] , coprecipitation [17] , hydrothermal treatment and chemical vapor deposition [18] , or based on reactions between conventional raw materials with high purity at high temperatures [19] . However, to obtain mullite in these cases is very expensive and this is a disadvantages of these techniques. The way to produce mullite bodies commercially is through the mixture of Al 2 O 3 and SiO 2 , or from minerals that contain Al 2 O 3 and SiO 2 in their compositions [15] . The kaolin residue presents high amount of silica and alumina and become an important alternative raw material to prepare mullite bodies. In this way, researches have been done in the UAEMa/UFCG with recycling of the residue from kaolin industries for the production of mullite bodies [2, 3, 9] . The aim of this work is to use the residue from kaolin industry as an alternative raw material to reduce the production costs in the preparation of mullite bodies.
Materials and Method
Materials. It was used a residue from primary kaolin industry supplied by Caulisa Industria S/A, a clay provided by Armil Minerios Ltda. and alumina 1000SG, supplied by Alcan. Method. Initially the raw materials were submitted to a chemical analysis by X-ray Fluorescence (Shimadzu, EDX-900). After that, compositions had been formulated with kaolin residue and conventional raw materials. The raw materials were dispersed in alcohol (ethylic alcohol) and mixed in balls mill for 4 h. After dry it were crushed and passed through a sieve ABNT 80 (mesh 180µm). Powder compacts were formed by uniaxial pressing at 30MPa (SCHWING SIWA). The final dimension of green compacts was 6.0x2.0x0.5cm 3 . The compacts were submitted to sintering (Oven Maitec FE 50rpm) with a heating rate of 5°C/min and temperatures of 1450, 1500, 1550 and 1600°C for 2h. After sintering the specimens were submitted to physical and microstructural characterization. Water absorption and apparent density were measured by Archimedes method and immersion in water. Mechanical resistance was determined by three-point flexural strength, with a desktop universal machine (Karl Schroder D-6940 Weinheim) at a loading rate of 0,5mm/min. Microstructural characterization was carried out by XRD analysis, to estimate the crystalline phases in the samples.
Results and Discussion
The Table 1 presents the chemical composition of the raw materials. It can be observed that the kaolin residue is predominantly constituted of silicon oxide (52.68%) and aluminum oxide (33.57%), with a considerable amount of fluxes (particularly K 2 O). 
The kaolin residue was studied previously [2] and it was observed the presence of kaolinite, quartz and mica. The mica, probably, is the source of potassium observed in the chemical composition of the residue, which can act as a flux at low temperatures and contribute to densification. Table 2 presents the formulations based on the stoichiometric composition of the mullite (3Al 2 O 3 .2SiO 2 -Composition C), and with excess of silica (T and D) and of alumina (E and X). Table 3 presents the chemical composition of the formulations. It is observed that the silica content change from 20.03 to 28.46 and alumina from 64.03 and 74.63.
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Advanced Powder Technology VI Table3 -Chemical composition of the formulated pastes (%wt) LOI a : loss of ignition Fig. 1, 2 , and 3 present the XDR patterns for compositions C, D and T. At the temperatures of 1450°C and 1500°C it was observed crystalline phases of mullite, quartz and alumina. At temperatures of 1550°C and 1600°C the crystalline phases were mullite and quartz. It is observed an intensification of the characteristic peaks of mullite with the increase of the temperature. The XDR patterns show for compositions C, D and T, at 1550 o C and for a period of 2 hours that these conditions are enough to produce the reactions between the residual phases and alumina. The peak of alumina phase was not observed in the last sintering temperatures. It is also verified that the stoichiometric composition (composition C), presented the most intense peaks of mullite phase. It was possible to observe, for all sintering temperatures, the presence of alumina, mullite and quartz as crystalline phases. However, the increase in sintering temperature produces an increase in the intensity of the mullite peaks. In this case alumina content is in excess in relation to the stoichiometric composition of the mullite, and some residual amounts of alumina were observed in the XDR patterns. This excess of alumina is to react with the silica, from the kaolin residue and to generate more mullite and reduce the development of glass phases, which is harmful to the mechanical behavior of the specimens.
There is no total explanation at the moment for the occurrence of quartz, exactly after the sintering at 1600°C. A possibility would be that the alumina in excess can modify the kinetic of the process of quartz dissolution and make it difficult the formation of mullite. Another hypothesis would be that after the formation of mullite, at the interface of the precursors, the process of diffusion of atoms is difficult (the mullite presents a very low diffusion coefficient of oxygen) and the reaction between alumina and the excess of quartz from the residue was not complete [2] . Fig. 6 presents the water absorption, of the samples as a function of the sintering temperature. Fig.  7 presents the apparent density of the compositions as a function of sintering temperature. Based on Fig. 6 , an increase of the water absorption can be observed with the rise of the amount of residue in the formularizations. The compositions with high amount of kaolin residue (Compositions T and D), presented low values of water absorption. Probably, the amount of K 2 O, form the kaolin residue, act as a flux and form a great amount of glass phase that fill the pores. All compositions in this study present a water absorption reduction with the increase of the temperature. It was verified that the values of the apparent density are high for the compositions with alumina content. Also in the Fig. 7 , it can be observed that the increase of the temperature decrease the value of the apparent density of the specimens, for all compositions. According to Chen et al [21] the densification in this range of temperature (1300 o C-1600 o C) is relatively low and suggests the formation of secondary mullite produced from the reaction between vitreous phase and alumina. Fig. 8 presents the mechanical behavior for all compositions as a function of the temperature of sintering. From Fig. 8 it was observed that compositions E and X present greater modulus of rupture as a function of sintering temperature, mainly at 1600°C. This is probably due to a great amount of alumina present in these compositions, which react with kaolin residue and consequently form high amount of mullite, which was confirmed by the DRX patterns. Conclusions. The aim of this work was to recycling the kaolin residue by its incorporation in ceramic masses for the production of mullite bodies. Based on the results it can be concluded that the kaolin residue can be used as raw material to obtain mullite due to the high content of SiO 2 and Al 2 O 3 . The compositions with great amount of residue presented low mechanical properties, due to probably the presence of great amount of glass phase formed during the sintering and the formation of "over sintering" in the system. 
